(See the Editorial Commentary by Martin on pages 368-9.)
Using population-based surveillance data, we analyzed antiviral treatment among hospitalized patients with laboratory-confirmed influenza. Treatment increased after the influenza A(H1N1) 2009 pandemic from 72% in 2010-2011 to 89% in 2014-2015 (P < .001). Overall, treatment was higher in adults (86%) than in children (72%); only 56% of cases received antivirals on the day of admission.
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Early antiviral treatment can reduce influenza-associated complications including lower respiratory tract infections [1, 2] and death in hospitalized patients [3, 4] . Antivirals have been recommended for all hospitalized patients with suspected or confirmed influenza since before the influenza A(H1N1)2009 pandemic [5] . During the 2014-2015 influenza season, because of detection of drifted influenza A(H3N2) viruses, the Centers for Disease Control and Prevention (CDC) issued an advisory to reemphasize the importance of early antiviral treatment. While the frequency of antiviral treatment in hospitalized patients with laboratory-confirmed influenza increased to approximately 80% in children and adults during the 2009 pandemic compared with a range of 37%-57% in prior seasons, a significant decline was observed in 2010-2011, most notably to 52% among children aged <2 years [6, 7] . To compare patterns of antiviral treatment in recent seasons and evaluate antiviral use in patients at high risk of developing influenza-associated complications, we analyzed population-based surveillance data of hospitalized patients with laboratory-confirmed influenza during the 2010-2011 through 2014-2015 influenza seasons.
METHODS
Data were collected prospectively from 1 October to 31 April each season from all patients hospitalized with laboratory-confirmed influenza as part of the Influenza Hospitalization Surveillance Network (FluSurv-NET), a national population-based influenza-associated hospitalization surveillance system. Cases were defined as residents of a catchment area admitted to a hospital ≤14 days after a positive influenza test [8] . The catchment area included 267 acute care hospitals and laboratories in California, Colorado, Connecticut, Georgia, Iowa, Maryland, Michigan, Minnesota, New Mexico, New York, Ohio, Oklahoma, Oregon, Rhode Island, Tennessee, and Utah, and represented approximately 9% of the US population, with distribution of age, sex, race/ethnicity, and health indicators similar to that of the overall population [8] . Laboratory-confirmed influenza cases were identified from laboratory logs, infection preventionist databases, hospital discharge summaries, or reportable conditions databases at surveillance sites [8] . Surveillance officers reviewed medical records to obtain information about treatment, vaccination, and medical conditions that confer a higher risk of developing influenza-associated complications, including organ disease, chronic metabolic disease, blood disorders, immunosuppression, morbid obesity, and pregnancy (Supplementary Table 1 ) [9] .
Hospital laboratory testing for influenza was performed at clinician discretion by rapid influenza diagnostic test (RIDT), viral culture, fluorescent antibody staining, and/or reverse transcription polymerase chain reaction (RT-PCR). Because RT-PCR testing of specimens with negative RIDT results may have been performed subsequently at public health laboratories as part of surveillance alone and not for clinical care, not all patients with negative RIDT and positive PCR results may have been known to the clinician in real time. These patients were excluded because we were unable to identify timing of the PCR results. Patients with missing data on the use or timing of initiation of antiviral treatment were also excluded.
We compared characteristics of treated and untreated patients and described the timing of antiviral treatment in relation to illness onset and hospital admission. The earliest treatment date was used for patients with multiple treatment dates. We defined prompt antiviral treatment as initiation within 2 days of admission (ie, on day of admission [day 0] or day 1). Admission within 2 days of respiratory illness onset was similarly defined as admission on day 0 or day 1 of illness.
The χ 2 test and Cochran-Armitage test for trend were used to assess the association between antiviral treatment and clinical characteristics, and treatment over time, respectively, using SAS software (version 9.3). (Figure 1) . The percentage treated increased across every season for almost all ages. The only significant declines were among 2-to 4-year olds, by 19% from 2010-2011 to 2011-2012 (P = .002), and 8% from 2013-2014 to 2014-2015 (P = .03). Children aged <1 year had the greatest overall treatment increase across seasons, from 51% to 82%. Treatment among adults aged 18-64 years remained at or above 77% across all seasons and by 2014-2015 approached 90%.
Among 35 393 patients with high-risk conditions, 30 407 (86%) received antivirals compared with 6373 of 8315 (77%) without (P < .001). Across all seasons, treatment increased over time from 76% to 90% in patients with high-risk conditions (P for trend <.001). Among 3051 children aged <18 years with high-risk conditions, 2346 (77%) were treated compared with 28 061 of 32 342 (87%) adults with highrisk conditions (P < .001) (Supplementary Table 1 ). Among treated patients, 83% had a high-risk condition compared with 72% of those not treated (P < .001) (Supplementary Table 1) .
Of 40 868 patients with illness dates available ( Supplementary  Figure 1) , 12 629 (31%) were admitted within 2 days of illness onset, 19 608 (48%) on days 2-4, and 8631 (21%) after day 4. Among patients admitted within 2 days of illness onset, and on days 2-4 of illness, 11 032 (87%) and 16 845 (86%) received antivirals, respectively. Of patients admitted after day 4 from illness, 6559 (76%) of patients were treated.
Among treated patients, a total of 34 112 had treatment dates and 19,193 (56%) were treated on the day of hospital admission. (Supplementary Figure 1) . A total of 10 937 patients were admitted within 2 days of illness onset; 208 (2%) were treated prior to admission, 5977 (55%) on the day of admission, and 3456 (32%) on the day after admission (Supplementary Figure 2) . Among 16 700 patients admitted on days 2-4 of illness, 9900 (59%) and 4710 (28%) were treated on the day of admission and the day after admission, respectively.
DISCUSSION
Antiviral treatment of hospitalized patients of all ages with laboratory-confirmed influenza significantly increased from 2010-2011 to 2014-2015 among participating FluSurv-NET hospitals. While use of antiviral treatment started at nearly 80% in 2010-2011, it increased over time to nearly 90% among adults, and improved from 51% to 82% among children <1 year old. Among infants, treatment increased the most across the 5 seasons and remained constant over the last 2 seasons. Antiviral treatment in infants expanded during the 2009 pandemic, when oseltamivir was used for treatment in children aged <1 year under an Emergency Use Authorization (EUA) [9] . Given the high risk of complications in this group, oseltamivir continued to be recommended by the CDC and the American Academy of Pediatrics for children aged <1 year after the EUA expiration in June 2010. The US Food and Drug Administration approved oseltamivir for use in children <1 year in December 2012.
Despite the recommendation for early antiviral treatment for hospitalized patients with suspected or confirmed influenza, 87% of patients admitted within 2 days of illness onset were treated in that same early time window, but only 55% received treatment on the day of admission. Early antiviral treatment among hospitalized patients is associated with reduced mortality in adults and shortened length of stay in children and older adults [3, 4, 10] . The earlier treatment is initiated in the patient's illness, the better the clinical outcomes [4, 11] . More than two-thirds of patients were admitted to the hospital ≥2 days after illness onset. Although clinical benefit is greatest when antiviral treatment is initiated <2 days from illness onset, some studies suggest that treatment may provide benefit in hospitalized patients even when started 4-5 days after onset [3, 4] .
Our analysis had potential limitations. Influenza testing was performed based on clinician discretion. Clinicians may have preferentially tested patients for influenza who were admitted shortly after illness onset. In a study of adults aged ≥50 years hospitalized with acute respiratory illness during the 2006-2012 influenza seasons, only 26% had provider-initiated influenza testing and 26% of patients with laboratory-confirmed influenza received treatment [12] . Our findings may overestimate antiviral treatment of patients hospitalized with influenza as we cannot address the extent to which treatment occurred in patients who were not tested.
Our findings demonstrate that antiviral treatment of hospitalized children and adults with laboratory-confirmed influenza significantly increased from 2010-2011 to 2014-2015. Although these gains are encouraging, 11% of hospitalized patients with laboratory-confirmed influenza remained untreated in 2014-2015. This may be partly explained by delays to hospital admission relative to symptom onset, as only one-third of patients were admitted within 2 days after symptoms began. Improving initiation of antiviral therapy among high-risk outpatients may provide additional benefits for patients seeking care early in illness. Availability and use of sensitive, point-of-care influenza testing in the ambulatory setting, including clinics and emergency departments, would increase timely provider diagnosis of influenza. Additional studies are needed to understand barriers to influenza antiviral treatment and increase optimal use of antivirals in hospitalized patients with influenza, especially among children.
